Introduction {#Sec1}
============

Childhood overweight/obesity is an important public health problem because comorbidities such as elevated blood pressure, dyslipidemia, and type 2 diabetes occur frequently in the overweight and obese pediatric population \[[@CR1]\]. In addition, a previous study in Japan showed that about 32% of obese boys and 41% of obese girls became obese adults \[[@CR2]\]. Moreover, overweight and obesity in childhood and adolescence have adverse consequences on premature mortality and physical morbidity in adulthood \[[@CR3]\]. Therefore, it is necessary to prevent childhood overweight/obesity for current and future health.

Central obesity is a strong risk factor for metabolic disorders and cardiometabolic diseases in children and adolescents \[[@CR4]\]. In addition, a recent study showed that central obesity is a better predictor of the presence of cardiovascular risk factors than obesity \[[@CR5]\]. Furthermore, a previous study showed that central obesity was associated with higher rates of school absence, more visits to a physician, and lower health-related quality of life in children \[[@CR6]\]. Thus, it is important to prevent central obesity in addition to overweight/obesity in children and adolescents.

It is important to consider the changes of overweight/obesity and central obesity in children over time in order to design an effective prevention program. To date, several studies have reported on these changes. Leitão et al. showed trajectories of obesity from late childhood to adolescence \[[@CR7]\]. Chrzanowska et al. reported the tracking of abdominal obesity from the age of 7 to 15 years \[[@CR8]\]. However, little is known about changes of both overweight/obesity and central obesity status during the period from preadolescence to adolescence in Japan, where waist circumference (WC) is not commonly measured in annual health examinations at elementary and junior high schools.

The aim of this study was to examine changes of overweight/obesity status and central obesity status among schoolboys and schoolgirls from preadolescence to adolescence in Japan.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

Study subjects were 1607 fourth-grade school children (9 or 10 years of age) from all four of Ina town's elementary schools between 2004 and 2007. Ina-town, in Saitama Prefecture, Japan, had implemented a unique health check-up program as a part of its community health services. The present study was conducted as a part of that program. Anthropometric measurements were performed as part of that program. Details of these measurements are described below. Written informed consent was obtained from the parent or guardian of each subject prior to the subject's participation in this study. This study protocol was approved by the Medical Ethics Committee of Showa University School of Medicine (Approval No. 127).

Among 1607 subjects, 8 refused to participate in the program (participation rate: 99.5%). Of 1599 children, 1441 underwent follow-up measurements at seventh grade (follow-up rate: 90.1%), and 5 were excluded due to missing data regarding variables in this study. Thus, data from 1436 participants (boys: *n* = 720, girls: *n* = 716) were analyzed.

Anthropometric measurements {#Sec4}
---------------------------

Measurements of each participant's height, weight, and WC were conducted by trained staff either in the school's infirmary or in a designated room to protect privacy. Participants wore light clothing but no shoes or socks. Height was measured to the nearest 0.1 cm using a stadiometer (TK-11253, Takei Scientific Instruments Co., Ltd., Niigata, Japan), and weight was measured to the nearest 0.1 kg using a scale (Model TBF-102, Tanita, Tokyo, Japan). Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. In the measurement of WC, participants were asked to hold the arms in a relaxed position at the sides and breathe normally for a few breaths \[[@CR9]\]. Then, the measurement was taken at the end of a normal expiration. WC was measured to the nearest 0.1 cm using a measuring tape (070117, Artec Co., Ltd., Osaka, Japan) in a standing position at the navel level while another examiner checked verticality from the side. The measurements of height, weight, and WC were performed one time for each participant. Waist-to-height ratio (WHtR) was calculated as WC (cm)/height (cm). All measurements were conducted using the same procedures at fourth and seventh grade.

Definition of overweight/obesity and central obesity {#Sec5}
----------------------------------------------------

Childhood overweight and obesity were determined according to the age- and sex-specific BMI cut-off points proposed by the International Obesity Task Force (IOTF) \[[@CR10]\]. The cut-off points, which was based on the data including Asian people, have been used in many epidemiological studies for Japanese children and adolescents \[[@CR11]--[@CR15]\]. In the present study, overweight and obesity were combined into the single variable overweight/obesity because the number of participants with obesity was small. In accordance with previous studies \[[@CR4], [@CR16]\], central obesity was defined as WHtR ≥0.5.

Data analysis {#Sec6}
-------------

Statistical analysis was performed separately for each sex. Data are presented as median (25 percentile, 75 percentile) for continuous variables or number (%) for categorical variables. Wilcoxon's rank-sum test or chi-square test was used to compare characteristics between boys and girls.

Based on previous studies \[[@CR7], [@CR17], [@CR18]\], the kappa (κ) statistic was calculated to examine the tracking of overweight/obesity and central obesity. For instance, if participants who had central obesity in fourth grade still had central obesity in seventh grade, it was considered as tracking of central obesity. According to previous studies \[[@CR18]--[@CR20]\], the tracking was interpreted as follows; slight (0 ≤ κ ≤ 0.20), fair (0.21 ≤ κ ≤ 0.40), moderate (0.41 ≤ κ ≤ 0.60), substantial (0.61 ≤ κ ≤ 0.80), and almost perfect (0.81 ≤ κ ≤ 1).

A *P* value \< 0.05 was considered statistically significant. All statistical analyses were performed using Statistical Analysis System (SAS) software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results {#Sec7}
=======

Characteristics of study participants in fourth and seventh grade are shown in Table [1](#Tab1){ref-type="table"}. In fourth grade, BMI, WC, and WHtR were significantly higher in boys than in girls. In seventh grade, BMI and WHtR were significantly higher in girls than in boys. There were statistically significant differences between boys and girls in the proportion of overweight/obesity and central obesity in fourth grade. In contrast, no significant differences between boys and girls were observed in the proportion of overweight /obesity and central obesity in seventh grade. Table 1Characteristics of study participants at baseline (fourth grade) and 3 years later (seventh grade)In fourth gradeIn seventh gradeBoys (*n* = 720)Girls (*n* = 716)*P* value^a^Boys (*n* = 720)Girls (*n* = 716)*P* value^a^Age (years)9.0 (9.0, 10.0)9.0 (9.0, 10.0)0.76412.0 (12.0, 12.0)12.0 (12.0, 12.0)0.142Height (cm)134.9 (131.1, 139.0)134.4 (130.6, 139.5)0.397153.6 (147.7, 158.8)152.2 (148.5, 156.0)\< 0.001Weight (kg)30.3 (27.4, 34.9)29.5 (26.3, 34.0)0.00142.5 (37.7, 48.5)42.6 (38.3, 47.4)1.000Body mass index (kg/m^2^)16.7 (15.5, 18.5)16.2 (15.2, 17.8)\< 0.00117.9 (16.7, 19.4)18.2 (17.0, 19.9)0.010Waist circumference (cm)57.7 (54.4, 62.7)57.3 (54.3, 61.0)0.03163.0 (59.6, 67.3)63.7 (60.0, 67.7)0.073Waist-to-height ratio0.428 (0.407, 0.459)0.425 (0.407, 0.452)0.0380.41 (0.39, 0.43)0.42 (0.40, 0.44)\< 0.001Overweight/obesity125 (17.4)87 (12.2)0.00582 (11.4)79 (11.0)0.831Central obesity85 (11.8)57 (8.0)0.01550 (6.9)47 (6.6)0.774**Except where indicated n (%), values are median (25th percentile, 75th percentile)**^**a**^**Wilcoxon's rank-sum test or chi-square test**

Table [2](#Tab2){ref-type="table"} shows comparisons between boys and girls in the proportion of participants with overweight/obesity in seventh grade. No statistically significant differences were seen between groups. Results were similar even if the analysis was limited to non-overweight/obesity participants in fourth grade or overweight/obesity participants in fourth grade. In those with overweight/obesity in fourth grade, 55.2% of boys and 63.2% of girls still had overweight/obesity in seventh grade. Table 2The proportion with overweight/obesity in seventh grade by sexBoysGirls*P* value^a^Total participants in fourth grade*n* = 720*n* = 716 Non-overweight/obesity in seventh grade638 (88.6)637 (89.0)0.831 Overweight/obesity in seventh grade82 (11.4)79 (11.0)Non-overweight/obesity participants in fourth grade*n* = 595*n* = 629 Non-overweight/obesity in seventh grade582 (97.8)605 (96.2)0.096 Overweight/obesity in seventh grade13 (2.2)24 (3.8)Overweight/obesity participants in fourth grade*n* = 125*n* = 87 Non-overweight/obesity in seventh grade56 (44.8)32 (36.8)0.244 Overweight/obesity in seventh grade69 (55.2)55 (63.2)^**a**^**Chi-square test**

Tracking of overweight/obesity from fourth graders to seventh graders was demonstrated by sex (Table [3](#Tab3){ref-type="table"}). The proportion of boys with overweight/obesity in both fourth and seventh grade was 9.6%, whereas the proportion without overweight/obesity in both fourth and seventh grade was 80.8%. In girls, the proportion with overweight/obesity in both fourth and seventh grade was 7.7%, whereas the proportion without overweight/obesity in both fourth and seventh grade was 84.5%. The κ statistics were 0.614 in boys and 0.619 in girls. When obesity was determined by the percentage of overweight \[[@CR21]\], which is used in national statistics of school health in Japan, the κ statistics were 0.575 in boys and 0.520 in girls. Table 3Tracking of overweight/obesity from fourth to seventh grade by sexOverweight/obesity in seventh gradeκ*P* valueYesNoBoys (*n* = 720) Overweight/obesity in fourth grade  Yes69 (9.6)56 (7.8)0.614\< 0.001  No13 (1.8)582 (80.8)Girls (*n* = 716) Overweight/obesity in fourth grade  Yes55 (7.7)32 (4.5)0.619\< 0.001  No24 (3.4)605 (84.5)**κ: Kappa**

The proportion with central obesity in seventh grade was also compared between boys and girls (Table [4](#Tab4){ref-type="table"}). No statistically significant differences were seen. A statistically significant difference was observed between boys and girls who had non-central obesity in fourth grade in the proportion with central obesity in seventh grade (0.6% vs. 2.6%, respectively; *P* = 0.006). In contrast, no statistically significant differences were observed between boys and girls with central obesity in fourth grade in the proportion with central obesity in seventh grade. Among those with central obesity in fourth grade, 54.1% of boys and 52.6% of girls still had central obesity in seventh grade. Table 4The proportion with central obesity in seventh grade by sexBoysGirls*P* value^a^Total participants in fourth grade*n* = 720*n* = 716 Non-central obesity in seventh grade670 (93.1)669 (93.4)0.774 Central obesity in seventh grade50 (6.9)47 (6.6)Non-central obesity participants in fourth grade*n* = 635*n* = 659 Non-central obesity in seventh grade631 (99.4)642 (97.4)0.006 Central obesity in seventh grade4 (0.6)17 (2.6)Central obesity participants in fourth grade*n* = 85*n* = 57 Non-central obesity in seventh grade39 (45.9)27 (47.4)0.862 Central obesity in seventh grade46 (54.1)30 (52.6)^**a**^**Chi-square test**

Table [5](#Tab5){ref-type="table"} shows tracking of central obesity from fourth graders to seventh graders. Among boys, the proportion with non-central obesity in fourth and seventh grade was 87.6%, whereas the proportion with central obesity in fourth and seventh grade was 6.4%. The κ statistic was 0.651. The proportion of girls with non-central obesity in fourth and seventh grade was 89.7%, whereas the proportion with central obesity in fourth and seventh grade was 4.2%. The κ statistic was 0.544. Table 5Tracking of central obesity from fourth to seventh grade by sexCentral obesity in seventh gradeκ*P* valueYesNoBoys (*n* = 720) Central obesity in fourth grade  Yes46 (6.4)39 (5.4)0.651\< 0.001  No4 (0.6)631 (87.6)Girls (*n* = 716) Central obesity in fourth grade  Yes30 (4.2)27 (3.8)0.544\< 0.001  No17 (2.4)642 (89.7)**κ: Kappa**

In a logistic regression analysis, the odds ratios of overweight/obesity at fourth grade for being overweight/obesity at seventh grade were 55.16 among boys and 43.33 among girls, which were statistically significant. The odds ratios of central obesity at fourth grade for being central obesity at seventh grade were 186.06 among boys and 41.95 among girls, which were statistically significant.

Discussion {#Sec8}
==========

The present study investigated changes in overweight/obesity status and central obesity status from preadolescence to adolescence among schoolchildren in Japan. Results showed that boys and girls had a similar tendency in terms of the development of overweight/obesity. In contrast, there was a statistically significant difference between boys and girls in terms of the development of central obesity. To the best of our knowledge, this is the first study regarding changes of overweight/obesity and central obesity status from fourth to seventh grade among Japanese schoolchildren. However, the present study findings should be carefully discussed.

In this study, the prevalence of overweight/obesity in fourth grade (median age: 9.0 years) was 17.4% among boys and 12.2% among girls. Rangelova et al. showed that the prevalence of overweight/obesity was 30.4% in boys and 28.3% in girls among Bulgarian schoolchildren aged 6--9 years \[[@CR22]\]. Khadilkar et al. reported that the prevalence of overweight/obesity in boys was 19.6% and that in girls was 18.3% among Indian children aged 6--9 years \[[@CR23]\]. Kelishadi et al. showed that the prevalence of overweight/obesity was 7.1% for boys and 8.6% for girls in Iranian children aged 9 years \[[@CR24]\]. In these studies \[[@CR22]--[@CR24]\], overweight/obesity was defined by cut-off points established by the IOTF, which was same as for this study. Therefore, the prevalence of overweight/obesity in our study was different from that in studies conducted in the other countries, which could limit the ability to generalize our study findings to other countries.

The prevalence of central obesity (WHtR ≥0.5) in our study was 11.8% in boys and 8.0% in girls aged 9--10 years. Okuma et al. reported that the prevalence of central obesity among Japanese children (mean age: 10.9 years) was 16.5% in boys and 10.6% in girls \[[@CR25]\]. A recent study showed that the prevalence of central obesity (WHtR ≥0.5) among Spanish children aged 6 to 11 years was 21.3% (24.6% for boys and 17.9% for girls) \[[@CR26]\]. The prevalence of central obesity defined by WHtR ≥0.5 among Portuguese children (mean age: 9.3 years) was reported to be 28.1% for boys and 19.4% for girls \[[@CR27]\]. Thus, the prevalence of central obesity among children in these studies \[[@CR25]--[@CR27]\] was higher than in our study. Central obesity has been reported to be associated with dietary habits and physical activity \[[@CR4], [@CR28]\]. In addition, Zhang et al. demonstrated that central obesity among children is associated with affluence and urban residence \[[@CR29]\]. Because these factors might affect the difference in the prevalence of central obesity between our study and other studies, future studies are needed to elucidate the difference.

In our study, overweight/obesity status tracked substantially from fourth to seventh grade in both sexes. Moreover, more than half of participants who had overweight/obesity in fourth grade still had overweight/obesity in seventh grade in both sexes. In addition, overweight/obesity at fourth grade significantly increased the odds ratio for being overweight/obesity at seventh grade. These findings suggest that it is important to prevent overweight/obesity before fourth grade. Because schools are in a unique position to address the issue of childhood obesity \[[@CR30]\], it is necessary to implement a primary prevention program for overweight/obesity in elementary schools.

Among participants with non-central obesity in fourth grade, a statistically significant difference between boys and girls was observed in the proportion with central obesity in seventh grade in our study; girls were more likely to develop central obesity than boys. These results suggest the presence of sex differences in the development of central obesity from preadolescence to adolescence. The sex difference might be due to the difference in growth between boys and girls because Wells reported that sex differences in body composition are primarily attributable to the action of sex steroid hormones, which drive the differences during pubertal development \[[@CR31]\]. In addition, more than 50% of those with central obesity in fourth grade still had central obesity in seventh grade regardless of sex. Moreover, central obesity at fourth grade significantly increased the odds ratio for being central obesity at seventh grade. Thus, a primary prevention program for central obesity is needed before fourth grade, and it is necessary to focus more on girls than boys in a prevention program for central obesity during the period from preadolescence to adolescence.

The strength of this study was that height, weight, and WC were measured for more than 1000 schoolchildren, and these values were used to define overweight/obesity and central obesity. Moreover, the 3-year follow-up rate was more than 90%. However, there are a few limitations to this study. First, information regarding sex hormones, socio-economic status, environment, food intake, and KAPs (knowledge, attitude, and practice) was not obtained in this study. Therefore, the possibility of residual confounding cannot be ruled out. Second, height, weight, and WC were not measured by a single measurer. Thus, the error of measurement could influence the present study results. Finally, this study was based on a local data collected as a part of community health services in one town in Japan. Therefore, the data was not sampled as a representative for Japan, which might limit the generalizability to other populations.

Conclusions {#Sec9}
===========

The present study showed that tracking of overweight/obesity was substantial in boys and girls from preadolescence to adolescence. Moreover, more than half of those with central obesity in preadolescence still had central obesity in adolescence. Accordingly, this study suggests that it is important to implement a primary prevention program for overweight/obesity and central obesity in elementary schools, especially before fourth grade. Future longitudinal studies will be needed to provide more evidence for changes of overweight/obesity status and central obesity status among schoolchildren from preadolescence to adolescence in Japan. It is necessary to address limitations of this study (potential confounders, the error of measurement, and the sampling selection) in the future researches.
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